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(57) Abstract: 

PROBLEM TO BE SOLVED; To reduce loss due to a 
microbend and to reduce the generation of a nonlinear 
phenomenon by specifying the absolute value of 
wavelength dispersion in a specified wavelength to a 
specified value and specifying the value of a specified 
parameter to the specified value. 

SOLUTION: In the dispersed shift optical fiber, the 
ring-like area of a refractive index n2 is provided 
around the center area of the refractive index n1 and 
the clad area of the refractive index nS is provided 
around it. With the refractive index n3 of the clad area 
as a standard, the specific refractive index difference 
of the center area is -0.4% and the specific refractive 
index difference of the ring-like area is +1.2%. 
Relating to the dispersed shift optical fiber, at the 
wavelength 1550 nm, the absolute value of the 
wavelength dispersion is ^5 ps/nm/km. Also, based on a 
mode field radius Wq^ and an effective cross section 
area Aeff defined by Petermann-I, the value of the 
parameter k^^ defined by koi=Aeff/(7r.Wo.,2) is ^0.8. 
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I] [SUBJECT of the Invention] 

-^.f ^ n-<^/ KI-ftSM^/i^^J^ The loss which depends on a microbend 

^ < l.o#»m^«^^^t^ig: provides the dispersion-shift optical fiber which 

U-r^^tt^-(:^=5'M'yy\^ can reduce the production of a nonlinear 

%y7-^^<^^i^i'^o phenomenon small. 



n3 (7)^7 7-7 vmw^^ihti 

V^-C. 5>M/55 2. 5 p s/n 
m/kmT-fo'9> ^^fc;^^-^ 
;a5o. 085ps/nm^/k 
mX'h "9 ^aifS^Aeff 



[PROBLEM to be solved] 

The ring-shape range of a refractive index n2 is 
established in the perimeter of the center range 
of a refractive index n1, furthermore, the clad 
range of a refractive index n3 is established in 
the perimeter. 

In the wavelength of 1.55 micrometer, 
dispersion value is 2.5 ps(es)/nm/km. 
Dispersion slopes are 0.085ps/nm^ / km. 
The effective cross section Aeff is 80 
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koi (OimtO. 8 4-e*>6o it 
^2 Omin<7)i;-/Hc:#t'(ttt 
tzt^(Dm^miO. 1 d B 

/^°^5^'9{^•{t^cit^2 8 0 mm 
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micrometer^. 

Mode field radius Woi defined by Petermann-I is 
5.5 micrometer. 

The value of parameter koi obtained by being 

based on the formula which becomes 

koi=Aeff/((pirwoi^) is 0.84. 

The increases in loss when winding around the 

reel of diameter 20 mm are 0.1 dB/m. 

The increase in loss when winding around the 

reel of diameter 280 mm which attached the 

sand paper to the surface is 0.2 dB/km. 
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[CLAIMS] 



1 5 5 0 nm{^:}oV^T. ^ 

myw^(DmMim^ 5 p s / n m 

/kmUTX'h'O . Petermann- 

K^^woi tm^mmmAeff 

koi = Aeff/(7c • woi^) 



[CLAIM 1] 

A dispersion-shift optical fiber wherein, in 
wavelength 1550 nm, the absolute value of a 
wavelength dispersion is less than 5ps/nm/km, 
and based on mode field radius woi and 
effective cross section Aeff defined by 
Petermann-I, the value of parameter koi defined 
by the formula which becomes 
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koi=Aeff/((pi)*woi^)) is 0.8 or more. 



[m^m2] [CLAIM 2] 

tutfiH^SiB'Tffi^Aeff 0 p. The dispersion-shift optical fiber of Claim 1 

U±.Xh^ ^ t ^W^.t't wherein said effective cross section Aeff is 70 

SIhJJ^^ 1 ffii6©^>tS:v''7 h% micrometer^ or more. 

[mT^ms] [CLAIMS] 

mB^-S:'xrWc(O^Mi$.i^ 0 . 5 The dispersion-shift optical fiber of Claim 1 

p s / n m/ k mUJcCh^ ^ wherein the absolute value of said wavelength 

t ■f'Sft^iI 1 tatfeco dispersion is more than 0.5ps/nm/km. 

'M^yy h^yy^y^o 



[DETAILED DESCRIPTION of the 
INVENTION] 



[0 00 1] 



[0001] 



hti^'jm'yy hityr^y^^ 



[TECHNICAL FIELD of the Invention] 

This invention relates to the dispersion-shift 
optical fiber used for a WDM transmission etc. 



[0 0 0 2] 
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m^omm] [PRIOR ART] 

^W(.yy hity 7^ y<lt^ A dispersion-shift optical fiber is an optical fiber 

1. 5 5 /i m^{:iif D:^tJ[^ft which has a zero dispersion wavelength on 

^^ir^^y 7 ^ y^Xh'O s ?S wavelength the band of 1 .55 micrometer. 
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:^ 1 . 5 5m m^O#iS:i:ffi-^ The multiple-wavelength signal light of a 

^^5fefei^1:5 WDMfei^#{;^ wavelength the band of 1 .55 micrometer is used 

$fii(^fflV^bix5o ^ifev^7 h suitable for the light-transmitting WDM 

ityr^^'^l^. ^^^{t^-it^ transmission to carry out 

ii.^'f^h<0'X:h^^tt^h^ A dispersion-shift optical fiber suppresses the 

'X^'f'l^^&(D%^\i^^'f^^Az. production of nonlinear phenomena, such as 

i BjitB^I^. tSSiill self- phase modulation produced from it being 

'^WiioX.xy^m%^U^f£}i(D^ what transmits a multiple-wavelength signal 

^?f^^^C>^^^ffli^JLT. {f light when transmitting the light of big strength, 

^'%(0^^^{^Wct'b^tt^^ a mutual phase modulation, and four-wave 

5j<^tiTV^5o ^(OX^o^i^i^ mixing, it is required that the distortion of a 

&?ifc-f ^ < . 8-24 signal light should be reduced. 

8 2 5 1 ^^^(^te^WSff For the technique of 

~}ty 7 ^ Unexamined-Japanese-Patent No. 8-248251, 

7 0 /i b^l^ iiO^^M the effective cross section of an optical fiber is 

Jff4<yn 7 7^/^'i:"f S ^ ^ 70 micrometer^ in order to fill such request, 

cfc 19 . ^(Dity r ^ ^^\^^^1f Suppression of a production of the nonlinear 

^^^Jf^^^(?5^^(DjJfl^iJ^[Elo phenomenon in the optical fiber is aimed at by 

TV^So considering as a refractive-index profile which 

becomes the above. 

[0 0 0 3] [0003] 



[PROBLEM to be solved by the Invention] 

The distribution of light intensity or the 
electromagnetic-field distribution (below, it is 
only called "a distribution".) perpendicular to the 
axis of lens of an optical fiber in a prior art 
example given in the above-mentioned gazette 
which can be set cross-sectional 
This serves as the maximum at the core center 
of an optical fiber. 

In order to enlarge an effective cross section, 
with such a distribution maintained, it is 
necessary to extend the field of a distribution. 
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(Di^Ml^i^<D± i!f / y h^lxft In the above-mentioned prior art example, the 

5^ irt^ct ^-^^(D^W^^if field of a distribution is extended by preparing 

TV^So another segment in the outer side of a center 

segment. 

I 0 0 0 4 1 [0004] 

L^^^L^Jit'^hs H^Sfffi^^Jt However, if the field of a distribution is extended 

'ki'^tc^iC'^^(D^W^^^f in order to enlarge an effective cross section, 

|p)B#(c^— ^ — /I/ K the diameter of a mode field will also be 

^h^i^^ti^o ^bT. enlarged simultaneously. 

Ky'-f — /I/ K^:^^;^^ <^^^ t And if the diameter of a mode field becomes 

-^4 ^ u^y Ki^^feStt^^filf bigger, it is known that the loss which depends 

'k'i~i)Z tt^^^^tiX\^^6o on a microbend will increase. 

fj:ioi^^ ^5^ir®^^J£;^"t'5 That is, enlargement of an effective cross 

-r^^^^^ K(^^fe6M3^ section increases the loss which depends on a 

itm^i-^o Lfc^i^oT. microbend. 

jf^^M(D^±^W\i~6^i^M Therefore, the optical fiber which enlarged the 

^JjWr'^^^i^^ < i^fcity 7 ^ effective cross section in order to suppress the 

)t^^y^/i/MisB#^(^io production of a nonlinear phenomenon has the 

^^X^tit^M-^hfi^ t trouble that loss increases, when external force 

iiin'f 2) i: 9 Po^Mv'^s:d^fe5o is applied in the time of optical-fiber-cable 

manufacture etc. 

[0 0 0 5] [0005] 

±t£Pp1Mv'^>^fi?f^"t~ This invention was made in order to cancel the 

^M^^l^f\^t^h(D'X:h^ , ^ above-mentioned trouble. 

4 ^ u^ly The loss which depends on a microbend aims 

< E,o^^ff^^^(7)^^^|g:?^ at providing the dispersion-shift optical fiber 

ir^Z.tt^X^ ^9fW^yy V% which can reduce the production of a nonlinear 

y-T^ 5 i i: ^ § 6^ phenomenon small. 

[0 0 0 6] [0006] 



WM^n^-f^tz^M^m [MEANS to solve the Problem] 
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^^Mt. iSS 1 5 5 0 nm{^*5 
V>T. 5 p 

s/nm/kmiilT-Cfc>). 
Petermann- I "C^ft ^ ti -5 ^ 

©fMAeff <^{c:S-^V^T 
koi = Aeff/(7c • woi^) 

koiWffi;5^0. 8^±-efe5^ 
^ ^ ^te:'^-r 5 r 
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The dispersion-shift optical fiber based on this 
invention is set to wavelength 1550 nm, the 
absolute value of a wavelength dispersion is 
less than 5ps/nm/km. 

Be based on mode field radius woi and the 
effective cross section Aeff which are defined by 
Petermann-I. 
Koi=Aeff/((pirwoi ^ 

The value of parameter koi defined by the 
becoming formula is 0.8 or more. 
It is characterized by the above-mentioned. 
According to this dispersion-shift optical fiber, 
an effective cross section can be enlarged 
maintaining the diameter of a mode field at a 
small value, the loss which depends on a 
microbend is small and the production of a 
nonlinear phenomenon is reduced. 



[0 0 0 7] [0007] 

^fz. :^^5^t-#.55>t5:v^^ h Moreover, at the dispersion-shift optical fiber 

7^7 /^Tfi. M9J}W\M^A based on this invention, the effective cross 

eff /b^^7 0 11 i^_h'Cfe5^ section Aeff is 70 micrometer^ or more. 

t ^W^t-t^o ^(D^^lzit, It is characterized by the above-mentioned. 

W^jf^^M(D^^^^Mir6(D In this case, it is suitable to suppress the 

(c^fM'CfeSo production of a nonlinear phenomenon. 



[0 0 0 8] 

0 . 5 p s / n m/ k m 



[0008] 

Moreover, in the dispersion-shift optical fiber 
based on this invention, the absolute value of a 
wavelength dispersion is more than 
0.5ps/nm/km. 

It is characterized by the above-mentioned. 
In this case, it is suitable to suppress the 
production of the four-wave mixing which is one 
of the nonlinear phenomena. 
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[0009] 



imm<DmMmm] [embodiment of the invention] 

J^iT^ L'C:$:^ Hereafter, with reference to an accompanying 

^M<DMM(Djf^M^UM^B.^^'t drawing. Embodiment of this invention is 

So f^x Hffi(^Ift0^(-fcV''T[5] demonstrated in detail. 

— (0^$^\^l-i\pl — (Di^-^^H In addition, in explanation of drawing, the same 
L. M^i' ^M^^^^^'t code is attached to the same component, the 

overlapping explanation Is omitted. 



[0 0 10] 

-(^m. ^fi: 1 5 5 0 nmtcjo 

s/nm/kml^;(TT'fc'9, 
Petermann- I "C ^ ^ ^ tb -5 ^ 

ifffi^Aeff itcS-^lN-r 

mi) 



[0010] 

The dispersion-shift optical fiber based on this 
invention is set to wavelength 1550 nm, the 
absolute value of wavelength dispersion is 
less than 5ps/nm/km. 

Based on mode field radius woi and the 
effective cross section Aeff which are defined by 
Petermann-l, [EQUATION 1] 



k.oi = Aeff/(7r-w<ii') 



•(1) 



^lhr^'Q'^^^fi^y<y The value of parameter koi defined by the 

koi <^fiS;^^ 0 . 8Ji/l±'Cfe'5o becoming formula Is 0.8 or more, 

/c^fc, Petermann- 1 tf^S^^ti/ In addition, mode field radius woi defined by 

5 ^ — Yy ^ K w 01 Petermann-l Is based on the distance (rho) from 

7 4 >'<<D^^t^ib>(D^ the axis of lens of an optical fiber, and the 

MpisX r/fl;^^* E ( p ){zm electrical-field distribution E (rho), [EQUATION 

■^~V^-C, 2] 

[ic2] 
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0 



••■(2) 



Woi 



0 



It defines as the becoming fonnula. 



[0 0 1 1 1 



[0011] 



^(D^O fS.^^ bl.tzZ.t\^X By having considered as such composition, an 

'9^ ^(D^:i^^i/-7 Y%-7 y ^ /<■ effective cross section can be enlarged 

— K 7 V'i^^/h ^ V ^ maintaining the diameter of a mode field of this 

\$.\^%^fz 1. 1. ^^Blf B^^te dispersion-shift optical fiber at a small value, the 

'k't^^Lbifi'Q^ . ■v^iJ'p^ loss which depends on a microbend is small 

K{c^fe5S3^fi/J^^ < ^ and the production of a nonlinear phenomenon 

mmM(D^^m&m^ti^o t. is reduced. 

fc, ^^Hfffi^Aeff -i)^? 0 fi Moreover, the effective cross section Aeff is 70 

^±'(:h^Ma-l^it, micrometer^. It is suitable to suppress the 

^^^^(D^^^^M't ^ (DliZ^^ production of a nonlinear phenomenon when it 

iiT'fcSo *fc. m^'Ank<Dm is above. 

0 . 5 p s / n m/ k m Moreover, it is suitable to suppress the 

U^-V'h^^^l^it, W^M^ production of the four-wave mixing which is one 

^<D 1 oTfc -5 E^^M,^(D^ of the nonlinear phenomena when the absolute 

^^^M'^6(Dlz.0]MX'h^o value of a wavelength dispersion is more than 

UTIC 3 o©||iM0-!|{c:ov^T|Ji 0.5ps/nm/km. 

?^"1"^o Three Examples are demonstrated below. 

[0012] [0012] 

3fe"f ^ ^ 1 (DMMMl::.'^\^^X^ First, 1st Example is demonstrated. 

P^1"5o d 1 (i. ^1 (DMW FIG. 1 is the refractive-index profile figure of the 

{^#.S^>tfev'7 h7fe>'7-f'^'^t0 dispersion-shift optical fiber based on 1st 

mtff^y^y7 4/]^mxh6o Example. 

[0013] [0013] 

CK^^^tfcv'y' h^^T^^^fi, As for this dispersion-shift optical fiber, the 

m^^nl (D^^mi$.(DmMl^ ring-shape range of a refractive index n2 is 
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mtft^ n2 (DV y^'^^t^i'^m established in the perimeter of the center range 
iihti. Mlc-tf^i^Hf-Sifr^ of a refractive index n1, furthermore, the clad 
n3 (D^ y y K^^ii^lxtt hti range of a refractive index n3 is established in 
Tl/^6o 4'*M^O^@(j:4. the perimeter. 

9 n mT'fc<9 . y ^^i/^^^co The outer diameter of a center range is 4.9 
^^{^7. dumX'h'O. micrometer. 

y K^^f^^gfi 1 2 5 M mT? The outer diameter of a ring-shape range is 7.5 
*)5o #lg{»T^©±/h^W.fi. micrometer. 

C^3] The outer diameter of a clad range is 125 

micrometer. 

The size relationship of each refractive index, 
[EQUATION 3] 

nl<n3<n2 -(3) 



X'h'O. t. fc. ^yy Vmi$l(D They are these. 

!B^^n3 ^^mtLX, Moreover, the relative refraction-index 
M*S©it®^$Mfi - 0. 4% difference of a center range is -0.4 % on the 
Xh '0. ^Jy y ^^^(D W:^JfT basis of the refractive index n3 of a clad range. 
^Hfi-i-l. 2%-efc6o The relative refraction-index difference of a 

ring-shape range is +1.2 %. 

10 0 14] [0014] 

^©^>S5cv/7 h3fe7T-f IVIany properties in the wavelength of 1.55 

fi: 1 . 5 5 ;u mtcjo^t'S^lttt micrometer of this dispersion-shift optical fiber 

iiUrotis^oxh^o are as follows. 

lit 2. 5 p s / n m/ kmXh A dispersion value is 2.5 ps(es)/nm/km. 

•9 . ^7->t5:^ p -7°(1 0 . 0 8 5 Dispersion slopes are 0.085ps/nm^ / km. 

ps/nm^/kmT'fc'?, M The effective cross section Aeff is 80 

^l$ff®^Aeff (is 0 X micrometer^. 

. Petermann- 1 X'^^^ti Mode field radius Woi defined by Petermann-I 

5 ^— K 7 — K^Swoi it was 5.5 micrometer. 

5. 5 //mT'feo/co -tUT, And the above The value of parameter koi 

±tB i^)^liC^^^^X^hti^ obtained by being based on (1) Formula was 
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/<y ^-^ (DmtO. 8 4 0.84. 

"Cfcofco ^o^-^^i/y In addition, it sets to the conventional optical 

h 7t 7 7 i:W\^(D^^i$.io fiber which has a dispersion value equivalent to 

J:t>*^^^E^$rWt"6ti§^0 this dispersion-shift optical fiber, and an 

it y 7 ^ is X . effective cross section, the type value of mode 

Petermann- I T'^^ ^ ti ^ ^ field radius woi defined by Petermann-I am 6.5 

- K7 ^' -/V K^^woi (D^m micrometer, 

fjf fi 6 . 5 umVh^ . y<y ?^ The value of parameter koi is 0.60. 

[0015] [0015] 

-7^ D^y Ktd'fcStl^ii^JP^ In order to evaluate the increase in loss which 

Wffii" 5fc&, jSg 2 0 mmCD depends on a macro bend, the dispersion-shift 

y — /Kc:^t5:v^7 h)t7 r-Y^"^ optical fiber was wound around the reel of 

^^^{^(tT^fil. 5 5 um diameter 20 mm, and the loss in the wavelength 

{djott-SM^^^WffLfCo ^(D of 1.55 micrometer was evaluated. 

'i^M. ^(D^^i^y 7 ^ Consequently, the increases in loss of the 

^"^(D^^i^Mlit 0 . 1 d B /m conventional optical fiber were 2.0 dB/m to the 

Vh^tKDizMLX, ^M(D^ increases in loss of this dispersion-shift optical 

7 7 ^^(Dm^mMn 2. 0 d fiber having been 0.1 dB/m. 

B/m-e&ofCo -t^iioib. * That is, it was checked that the increase in loss 

MMM {-'(^ 5 ^tS: 7 h :)t 7 7 in which the dispersion-shift optical fiber based 

-^y^ii, -^^ K{cft5M on this Example depends on a macro bend is 

^W/J^M^tiTV^-S r b ifi reduced. 

[0016] [0016] 

'^'l' ^ci^y K{>ift5M IVIoreover, in order to evaluate the increase in 

^W^^^W^-f^fz.^ , MM\z. loss which depends on a microbend, a 

K^— ^^'^Sli^^tti^ciSfl dispersion-shift optical fiber is wound around 

2 8 0 mmco y — /u-fc:^-)^^'^^ the reel of diameter 280 mm which attached the 

h7t7 7-</^^##{^ttT, % sand paper to the surface, each evaluated the 

#f^■^t(7)i^^^^J;U^^^^tb■^*ttT' loss in the wavelength of 1.55 micrometer 

1 . 5 5m m{:iiott5^^ before winding and the back. 

^WfiLfCo ^<D'i^^. ^(Djr} Consequently, the increase in loss of the 

t5cv'7 h7t7 7 -Y y<(D^^i^M conventional optical fiber was 11.2 dB/km to the 
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fiO. 2d B/ k mX'h^tcCO increase in loss of this dispersion-shift optical 

7 y{ ^^(D fiber having been 0.2 dB/km. 

tS^liiPfi 11. 2dB//km That is, it was checked that the increase in loss 

Xh^fLo i'^£t>h. ^MMM in which the dispersion-shift optical fiber based 

i'^^^^^'^Wi.i^y h 7 ^ ^< on this Example depends on a microbend is 

fi. -^-f ^ C7^>^ K{-^fe5^^ also reduced sharply. 



[0 0 17] [0017] 

^{c, M2<D'MMMl^^\f^XU Next, 2nd Example is demonstrated. 

PJ-fSo ia2(i, ^2(D^MM FIG. 2 is the refractive-index profile figure of the 

i^W^^'^Wi^y h^'7 7 4^<(D dispersion-shift optical fiber based on 2nd 

mtlj¥y^y7^J^mxh^o Example. 

[0018] [0018] 

^(D^^^i/y h^y7^^<it. As for this dispersion-shift optical fiber, the 

®Jff^ n 1 (D^^mi$i<Dmmi^ ring-shape range of a refractive index n2, the di 

lite, m^^n2 <D y presto clad range of a refractive index n3, and 

<Dy^^-fV7^ h the clad range of a refractive index n4 are 

ioit>\ established in the perimeter of the center range 

n 4 (D^yy K^^;5S^{t of a refractive index n1 in order. 

TV^So ^i^^lSlctD^^fi 5 . The outer diameter of a center range is 5.4 

4 n raXh "9 ^ ^ V^''^^'^(D micrometer. 

^^fi9. 0Aim"Trfc'9v x-r The outer diameter of a ring-shape range is 9.0 

-fx^T. V^y y Kffi^(D^flfi micrometer. 

18. ^ livrvXh^ s ^ y y Y The outer diameter of a di presto clad range is 

^J|c«7)^^(i 1 2 5 u mX'^ 18.0 micrometer. 

So #iSJ'f^«0:;>^/jNM'(^(4, The outer diameter of a clad range is 125 

iW. 4 ] micrometer. 

The size relationship of each refractive index, 
[EQUATION 4] 



nl = n3<n4<n2 -(4) 
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T'fc '9 . ^ tz. ^vy h^m^(D They are these. 

®iff* n4 ^S*<?r LT, Moreover, the relative refraction-index 

Mi^io cfc I>*T> y^UT. h^yy difference of a center range and each dl presto 

h'iM^^ti^^tKDitmtfr^^it clad range is -0.4 % on the basis of the 

- 0 . 4 % T'fe f9 . ])> refractive index n4 of a clad range. 

i^(DitmilTmmt+ 1 . 1%X- The relative refraction-index difference of a 

-So ring-shape range is +1 .1 %. 

[0 0 19] [0019] 

^(D^j^Wn^yy ht/ty7^^<<D^ Many properties in the wavelength of 1.55 

1 . 5 5 u m{c:jott'5^#'tt micrometer of this dispersion-shift optical fiber 

imr(Dtis^Th^o 'Anm are as follows. 

(± 2 . 3 p s / n m/ k m'Cfc A dispersion value is 2.3 ps(es)/nm/km. 

0 . ^M:^ n -7°fl 0 . 0 7 6 Dispersion slopes are 0.076ps/nm^ / km. 

M The effective cross section Aeff is 80 

^irS^Aeff Its 0 um^ "C micrometer^. 

^■9, Petermann- 1 "C^^^ti Mode field radius Woi defined by Petermann-I 

5 V7 4 —jv K^^woi (i was 5.4 micrometer. 

5. 4 /i mTfeofc^ ^LT, And the above The value of parameter koi 

±fB (1)i*^{c:S-:5l^T#^ti'5 obtained by being based on (1) Formula was 

koi (^fitfiO. 8 7 0.87. 

[0 0 2 0] [0020] 

-7^ n^V K{cft5^|^±i;?)n^ In order to evaluate the increase in loss which 

I?ffi-t"57^cft, CIS 2 0 mmO depends on a macro bend, the dispersion-shift 
^)~Mz.^7i'^^yy V%y 7 y{ optical fiber was wound around the reel of 

^%^¥i\iX^i^^ 1 . 5 5 m diameter 20 mm, and the loss in the wavelength 

{cjott-SM^^WiffiLiAco ^(O of 1 .55 micrometer was evaluated. 

IS^, V%y J ^ Consequently, the increases in loss of this 

^^(O^^.'m^M 0 . 0 2 d B / dispersion-shift optical fiber are 0.02 dB/m. 

mT'fei?. *^Ji0^J(C'^.5:9-i{c It was checked that the increase in loss in which 

-yy V%y 7 4 -r^u^ the dlsperslon-shift optical fiber based on this 

K{c:ftfe-5^^iiiP;5Sfg;^^^ti Example depends on a macro bend is reduced. 
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[0 0 2 1 ] [0021] 

^^-^ -^^ ti^i^ Ktc^feStt Moreover, in order to evaluate the increase in 

^i^lXi^WMi'^tzi^, Sffitd loss which depends on a microbend, a 

f-^ dispersion-shift optical fiber is wound around 

2 8 0 mm(D y — /Hc^fj V7 the reel of diameter 280 mm which attached the 

h^^T-f ^"^"^r^^^ttT, # sand paper to the surface, each evaluated the 

^i^i-f(DmisXU^'ik^M'ti-(: loss in the wavelength of 1.55 micrometer 

^ft 1 . 5 5 ;z mtc^oft -5^^ before winding and the back. 

?rl¥ffit7t„ ^(D'^M, :i(D^ Consequently, the increase in loss of this 

nki^y hit7 7^ ^^(DU^MM dispersion-shift optical fiber is 0.1 dB/km. 

fiO. 1 d B/kmX'h'O . ^ It was checked that the increase in loss in which 

MMm^^^^'^^i^y V%y7 the dispersion-shift optical fiber based on this 

-^-i ^ x2^:yY\^'^^ Example depends on a microbend is also 

t M^K'^W. ^ tiT \ ^ reduced sharply. 
5i <t«^^^ti^Co 



[0 0 2 2] [0022] 

'OfA-c, %-^>(n)%%m^^\'^XWL Next, 3rd Example is demonstrated. 

m-fho I13«. %?>(D%%m FIG. 3 is the refractive-index profile figure of the 

{-'(i'5^t![->7 h3t7 7^^^co dispersion-shift optical fiber based on 3rd 

®Jff^7°D7 7-r/i^Ill-Cfo5o Example. 

[0 0 2 3] [0023] 

:L(D^M^yy V%y T 4 ■'M't. As for this dispersion-shift optical fiber, the 1st 

n 1 <D^^%mL(r>n'm\^ nng-shape range of a refractive index n2. the di 

liif-, mWnl \ y ^i/' presto clad range of a refractive index n3, the 

^JFf^n3 (Df -iZfu 2nd ring-shape range of a refractive index n4, 

h ^ 7 K^^. ®Jff^ n4 and the clad range of a refractive index n5 are 

2 y >' *D J; t>\ established in the perimeter of the center range 

n 5 (D':7yy Y^WWt of a refractive index n1 in order. 

ttbtLTV^-5o ^^n^(Dm^ The outer diameter of a center range is 4.6 

(14. 6 m mT'fe "9 . ^ 1 y > micrometer. 

8 . 9 /i m T' The outer diameter of a 1 st ring-shape range is 

. f ^zfUT. y y Y'^ 8.9 micrometer. 

^(D^Vi^kt 1 3 . 4 mX-fc 0 . The outer diameter of a di presto clad range is 
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13.4 micrometer. 

The outer diameter of a 2nd ring-sfiape range is 
17.8 micrometer. 

The outer diameter of a clad range is 125 
micrometer. 

The size relationship of each refractive index, 
[EQUATION 5] 



nl=n3<n5<n4<n2 



•(5) 



X'h'Os i^tc. ^yy Kfiig© They are these. 

mtlf^n5 ^mmtLX. Moreover, the relative refraction-index 

M^io X t>'x -^yuT. V^Jy difference of a center range and each di presto 

K^^^tL^'tiroJt^Jff^^Mfi clad range is -0.4 % on the basis of the 

- 0 . 4 % -efc 19 > ^ 1 y y iT" refractive index n5 of a clad range. 

4^^^©J;b|gJlf^M{i+ 0 . 7 The relative refraction-index difference of a 1st 

8 19 , ^ 2 y y^'-m^'^ ring-shape range is +0.78 %. 

(DlYM^^^\t. + 0 . 3 0 % -e The relative refraction-index difference of a 2nd 

-5 o ring-shape range is +0.30 %. 

[0 0 2 4] [0024] 

-CD:5)-t5cv/7 hTt^T-C^^O^S Many properties in the wavelength of 1.55 

fi: 1 . 5 5 /i m{cfc{t-5^1#tt micrometer of this dispersion-shift optical fiber 

mXT(nb^^Xhh. are as follows. 

fi 2 . 3 p s / n m/ k mXh A dispersion value is 2.3 ps(es)/nm/km. 

■9 > ^j^^^ n —-fn. 0. 0 7 6 Dispersion slopes are 0.076ps/nm^ / km. 

P s / nm^ /kmX'h'O , M The effective cross section Aeff is 100 

S&ltrS^Aeff itl 0 0 fim^ micrometer^. 

Xh'O. Petermann- 1 T'S^^ Mode field radius woi defined by Petermann-I 

^ ^ ^ ^ K 7 — K w 01 was 6. 1 micrometer. 

fie. 1 MmT'feofCo ^LT. And the value of parameter koi obtained by 

±ffi(1)i^{c^-:3^^T#^tl5 being based on said (1) type was 0.85. 
koi WfitfiO. 8 5 
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10 0 2 5] [0025] 

-v'^ X2^y Hld^feSM^'cltJdP^ In order to evaluate the Increase in loss which 

f?ffi"t"-5)tto. W.^2 0mm(D depends on a macro bend, the dispersion-shift 

]) —Mz.'f^Wi.i^y h^yr-^^"^ optical fiber was wound around the reel of 

^^f^f+tt Tj^S 1 . 5 5 m diameter 20 mm, and the loss in the wavelength 

(cjottSS^^ffiffiLfCo ^(D of 1 .55 micrometer was evaluated. 

IS:^:, :i(D'^Wi.'!yy h^y 7 4 Consequently, the increases in loss of this 

^«D^^i^Mit 0 . 5 d B /m dispersion-shift optical fiber are 0.5 dB/m. 

^MMM\^^^^j^^'y As for the dispersion-shift optical fiber based on 

y h^yr^'^^lit. ^SiiifSffl this Example, it was checked that the increase 

Aeff 1 0 0 ju ^ V'* in loss to which it depends on a macro bend 

{c:t>i*Jbb-f -^^^ Kldft although the effective cross section Aeff is as 

^^^i^M-^^i&U^tiX\^^b:i large as 100 micrometer^ is reduced. 



[0 0 2 6] [0026] 

t.tz. -^^ ^ K{ci^5il Moreover, the increase in loss which depends 

*ti:(JPSrfffffi Lfc|gm^ ^(O'^J^ on a microbend was evaluated. 

Wi^y V^yj-^ y«D^^^lM Consequently, the increase in loss of this 

\tO . 8 d B / k m-Cfc "9 . if- dispersion-shift optical fiber is 0.8 dB/km. 

MM¥\\^^^^9rWii^y Vityj As for the dispersion-shift optical fiber based on 

^^t. ^^{lifS^Aeff 1)^ 1 this Example, it was checked that the effective 

OOAiin^ ti\'^\/^^h^t)h cross section Aeff is reduced by even the level 

^ n^ly Y\zW.^^^^ in which the increase In loss to which it depends 

1iWii^'^Wil.f^M(0M^-'\^^M:i on a microbend in spite of being as large as 100 

^T'l&^^ttTi/^-Sr i;6>?tlf^ micrometer^ does not have a problem 

^Mzo practically. 

[0 0 2 7] [0027] 

^(d, ■!7 u^y Next, the relationship between the increase 

3^±i:^Pfi ^koi amount in loss which depends on a microbend, 

t ^?^^.\z.^\<^XW^M-t^^ H and the value of parameter koi is demonstrated. 

4 ti, ^^®T®II;6^ 8 0 jti FIG 4 is a graph which shows the relationship 

Xh^'^rfWi^y Vityj^'^M:^ between the increase amount in loss which 

iJ' p^^' KICK'S M depends on the microbend in the 
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ko^ (DM. dispersion-shift optical fiber whose effective 

t (D^gh^TYi-t'^fyy-Qh^o cross section is 80 micrometer^, and the value 

-7>r Y\^{^h^^mii\i of parameter koi. 

{i. K^-^N°^fef9 The increase in loss which depends on a 

\-^\1ifzWi^ 2 8 0 mm<D y —jv microbend winds a dispersion-shift optical fiber 

{cMv^7 h^7 7-r/^^#t around the reel of diameter 280 mm which 

f^ttT, %^i^n(Dm^X.n'ik attached the sand paper to the surface, each 

^tL^*tlT'^:S 1 . 5 5 nm\L evaluated the loss in the wavelength of 1.55 

fcft SM^^^ffffi Lito micrometer before winding and the back. 

[0 0 2 8] [0028] 

r ^^i^^fiJS X. b y< The increase amount in loss which depends on 

7 ^ - ^ k 01 # a microbend is reduced, so that this graph may 

t\ p^y KtiftSII^ show and the value of parameter koi is large. 

nAiii&m^ti^o On the other hand, if the increase amount in 

nk'yy h^y7^y<:^^^^^ti loss which depends on a microbend is 1 dB/km 

5<>•-7V^ff^S{cjo^^r^l. ^ or less in the cable form for which a 

^ ^^^'^him^m^mm disperslon-sNft optical fiber is used, the 

d B/k mi^TT'foti(i\ significant increase in loss will not be accepted 

<>--7/Hbxajo j;t>*^— 7Vu in a cable-ized process and a cable 

iMM^Wi^U^{^iol^X^M(D reliability-evaluation examination. 

^^i^MitMibhti^J:\^\ U± As mentioned above, in order to maintain the 

I'O. '^--^V^^ffiJijottS^ property in a cable state, the value of parameter 

tt^H^vF-f-S^t^fi, koi is understood that it is required to be 0.8 or 

^koi©fil(10. 8^±X'h6 more. 

[0 0 2 9] [0029] 

±BMMMW:ic^§i'^ This invention is not limited to above-mentioned 

^ti^h<DXI,iti<m^(Dm^ Embodiment, and can perform various 

:^'^^mX'h6o m^if. deformation. 

H 3 "tM'tiiiCTr: Lfcm^^y For example, the refractive-index profile shown 

D^r-f /i-{4^^J^T'fcoT, * in each FIGS. 1-3 is an illustration, comprised 

ll0J{c#.55->t5[->7 h)t7 7'l' such that the thing of an aspect with the 

^<^Mmi-^fcib(Dmtff^^m refractive-index profile various othenA/ise for 

y 7 4 Mtmctm^ (OWMO) implementing the dispersion-shift optical fiber 
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based on this invention is possible. 
[0030] 



j^±. mmmmLtztioio. 

^IIBJditttt*, ^ft 1 5 5 0 

5 p s / n m/ k mliXTV 
h '0 , Petermann- 1 T'^ft $ ti 

^5S)»f®aAeff ^r{^S'^J^^T 

koi = Aeff/(;: • wqi^) 

koi (Dm^O. 8J^±-efc5r 
<!: ^W'^t Ltz(DX\ ^- K7 



[ADVANTAGE of the Invention] 

As mentioned above, according to this 
invention, it sets to wavelength 1550 nm as 
demonstrated in detail, the absolute value of 
wavelength dispersion is less than 5ps/nm/km. 
Based on mode field radius woi and the 
effective cross section Aeff which are defined by 
Petermann-I, 
Koi=Aeff/((pi)*woi 2 

Since it was characterized by the value of 
parameter koi defined by the becoming fonnula 
being 0.8 or more, an effective cross section 
can be enlarged maintaining the diameter of a 
mode field at a small value, the loss which 
depends on a microbend is small and the 
production of a nonlinear phenomenon is 
reduced. 



10 0 3 1 ] [0031] 

^ fc, ^S!)ifffi^ Aeff ifi 7 0 Moreover, the effective cross section Aeff is 70 

n ]iX±.X-h 5 ^-^iz. fi, ^ micrometer^. When it is above, the production of 

UM'^^(D%^a^^Mz^M^ a nonlinear phenomenon is suppressed 

^tz^ i^&'^m(DmMi$. effectively. 

0 . 5 p s / n m/ k mU± Moreover, when the absolute value of a 

X'h^M^iat. ^BM^^(D wavelength dispersion is more than 

loT'fc5ffljfc^^^O^^(i 0.5ps/nm/km, the production of the four-wave 

W^tcJJjiffiiJ^nSo mixing which is one of the nonlinear 

phenomena is suppressed effectively. 

mmom^^mm] [brief description of the drawings] 
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[H 1 1 [FIG 1] 

^KD'^WW^^h'^Wi^yy h It is the refractive-index profile figure of the 

5t7 7-t'/^©®tlf^7°D7 7-r dispersion-shift optical fiber based on 1st 

J\^mX'h^o Example. 

11112 1 [FIG 2] 

%2(D%Mm\^%h^M^yy V It is the refractive-index profile figure of the 

%y7^y^<DM^^'f^yr-< dispersion-shift optical fiber based on 2nd 

/v-llT'foSo Example. 

1113] [FIG 3] 

^ 3 <DMMMl^^.6^j^W:i^y h It is the refractive-index profile figure of the 
3t:7 7^/<;(D@J)f^7°p dispersion-shift optical fiber based on 3rd 

/^llT'fc5o Example. 

1114] [FIG 4] 

M^irS^75^ 8 0 M "Cfe-S An effective cross section is the graph which 

^^^>y V%yr^ /^{dfcttS shows the relationship between the increase 

^ YKi^'^^^'^M amount in loss which depends on the 

fi^/-?^^— ^koi C0'fiS<^®M microbend in the dispersion-shift optical fiber 

'Sk^TK^^yy-Qh''^^ which is 80 micrometer^, and the value of 

parameter l<oi. 
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[FIG. 3] 
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